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Abstract 
Realizing simultaneous internal and external surface finishing of the needle should result in significant processing time reduction. This paper 
clarifies the magnetic field and magnetic particle distribution specifically required to achieve the simultaneous surface finishing of 18 gauge 
316 stainless steel needles, and the efficacy of the resulting simultaneous surface finishing is described. Both the inner and external surfaces of 
needles, 0.4–0.5 μm Sa, can be simultaneously finished to around 0.01 μm Sa in 5 min. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the International Scientific Committee of the 6th CIRP International Conference on High 
Performance Cutting. 
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1. Introduction 
Needles are commonly integrated into medical devices. For 
example, needles are ubiquitous in minimally invasive 
medical procedures and extensively used to extract tissue and 
fluid samples for diagnosis. Typically, the needles are 
manufactured by drawing processes, which create ridges 
several micrometers high that could possibly damage tissues 
during the operation. To minimize the tissue damage and 
accompanying pain, needle surfaces need to be finished both 
internally and externally. Applying simultaneous internal and 
external surface finishing to the needles should result in not 
only surface quality improvement but also significant 
processing time reduction. 
Applying Magnetic Abrasive Finishing (MAF) to 
cylindrical surfaces has been studied by many research groups 
for years [1-5]. Nevertheless, little is known about the 
applicability of MAF for external finishing of small-diameter 
rod (including needles). An earlier report stated that the 
process can be scaled for the external finishing of rods greater 
than 1.5 mm in diameter [6].  
In general, difficulties are frequently encountered in the 
internal finishing of small diameter needles. However, MAF 
has been successfully applied to the internal finishing of 
capillary tubes [7-14]. The finishing efficiency, such as 
material removal rate and surface roughness improvement, can 
be improved by increasing the finishing force controlled by 
magnetic particle size [7, 8], magnetic field [9], default 
finished length [12, 13], and finishing speed [14]. This
research explores the use of MAF to simultaneous internal and 
external surface finishing of needles by exploiting this control. 
In MAF, it is vital to generate a magnetic field that leads to 
appropriate distribution of magnetic abrasive at the finishing 
area and sufficient magnetic force acting on the magnetic 
abrasive. In the case of simultaneous surface finishing, these 
requirements must be realized both inside and outside the 
needle. This paper clarifies the magnetic field and magnetic 
particle distribution specifically required to achieve the 
simultaneous surface finishing of 18 gauge 316 stainless steel 
needles, which are commonly used for breast cancer biopsy 
operations. Moreover, the efficacy of the resulting 
simultaneous surface finishing is described. 
2. Magnetic field and magnetic particle distribution  
A method of simultaneous internal and external surface 
finishing of tubes using MAF has been proposed for 
nonmagnetic components, and its feasibility has been reported 
© 2014 Published by Elsevier B.V. Open access under CC BY-NC-ND license. 
Selection and peer-review under responsibility of the International Scientific Committee of the 6th CIRP International Conference 
on High Performance Cutting
49 Valens Nteziyaremye et al. /  Procedia CIRP  14 ( 2014 )  48 – 53 
using alumina ceramic tubes (9.5 mm OD, 8 mm ID) [15]. 
Figure 1 shows a schematic of the processing principle. A pair 
of magnetic pole tips is placed facing each other (hereafter 
called N-S 180°), generating a magnetic field at the finishing 
area. For an alumina ceramic tube, a mixture of diamond 
abrasive and magnetic particles is introduced inside and 
outside the tube. In the magnetic field, the magnetic particles 
are suspended along the lines of magnetic force, as shown in 
Fig. 1. The magnetic force F that acts on a magnetic particle 
is calculated using the following equation: 
HgradHV F  F                              (1) 
where V is the volume of the magnetic particle, χ is the 
susceptibility, and H and gradH are the intensity and gradient 













Inside the tube, the resultant magnetic force Fi, generated 
by the magnetic particles, pushes the diamond abrasive 
against the internal surface of the tube. Outside the tube, the 
magnetic particles attempt to follow the lines of magnetic 
force, but the tube pushes the particles away from the region 
between the pole tips. As a result, the magnetic particles 
conform to and push the diamond abrasive against the 
external surface, driven by the external force components Feh 
and Fev. It has been reported that because the magnitude of 
vertical component Feh can be twice that of the horizontal 
component Fev, the horizontal component dominates in the 
finishing process [16]. Rotating the tube at high speed 
generates smooth relative motion between the tube surfaces 
and abrasive, simultaneously finishing both internal and 
external surfaces.. 
In this study, the pole-tip width w is 1 mm, and 18 gauge 
(OD 1.27 mm) tubes are used. Difficulties in generating the 
vertical force component Fev, shown in Fig. 1, are raised when 
the outer diameter of tube is close to the pole-tip width w. In 
addition, the N-S 180° pole-tip configuration cannot generate 
a value of H·gradH high enough to finish the internal surfaces 
of tubes. Instead, a pair of pole tips must be placed 90° apart 
(hereafter called N-S 90°) to generate the required magnetic 
field [9].  
In order to achieve simultaneous surface finishing of 
needles, it is vital to control the magnetic particle distribution 
both inside and outside the tube using the N-S 90° 
configuration. The magnetic particle distribution is studied 
here using a mixture of aluminum oxide magnetic abrasive 
and relatively large magnetic particles. The role of the 
magnetic particles is to increase the magnetic force acting on 
the magnetic abrasive [17], and the mixed-type magnetic 
abrasive (hereafter simply called magnetic abrasive) is 
commonly used for finishing stainless steel tubes. 
When the magnetic abrasive is supplied both inside and 
outside the tube in the N-S 90° configuration, the magnetic 
abrasive is attracted to the region where H·gradH is the 
highest, and it is suspended by the magnetic field as shown in 
Fig. 2(a). The resultant force Fe acting on the magnetic 
abrasive outside the tube is downward. The tube is laid over 
the magnetic abrasive; this weakens the magnetic field inside 
the tube, deteriorating the internal finishing conditions. To 
overcome this undesirable condition, the following three 
conditions must be realized in the N-S 90° configuration: (1) 
avoid the magnetic particles under the tube, (2) keep the tube 
in the region with high H·gradH (especially for internal 
finishing), and (3) place the magnetic abrasive over the tube 
and generate magnetic force to push the tube in the downward 
direction for external finishing.  
Figure 2(b) shows the configuration that replies to these 
requirements. The tube rotating at high speed and pole tips are 
in physical contact. This keeps the tube within the strong 
magnetic field (high H·gradH). The magnetic abrasive stays 
above the pole tips and pushes the external tube surface 
downward by magnetic force.  
The amount of magnetic abrasive influences the number of 
abrasive cutting edges, the magnetic force acting on the 
magnetic abrasive, and the abrasive’s dynamic motion (which 
is also affected by the high-speed tube rotation). The effects 
of the amount of magnet abrasive on the finishing 
characteristics and the mechanism are experimentally studied 
using 18 gauge 316 stainless steel tubes. The 316 stainless 
steels are metastable stainless steel [18], and the tubes used in 
this study exhibit slightly magnetic properties. 
 
3. Finishing characteristics 
3.1. Experimental conditions and procedure 
Figure 3 shows a photograph of the experimental setup 
with the N-S 90° configuration. The desired magnetic field at 
the finishing area is generated by a pair of pole tips with three 
neodymium magnets (12.7u12.7u12.7 mm; residual flux 
density 1.26–1.29 T; coercive force >875 AT/m). The pole-tip 
set is mounted on a linear slide, so that it can be fed in the 
S N 
Fig. 1. Schematic of processing principle 
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Fig.2. Schematic of magnetic particle distribution 
(a)  With tube-pole clearance             (b) Without tube-pole clearance 
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axial direction. To facilitate smooth relative motion between 
the rotating tube and the pole tips, the pole tips are covered by 
0.13 mm thick polytetrafluoroethylene (PTFE) tape. The tube 
is chucked to a motor and is set in contact with the pole tips 
covered by the PTFE tape. The pole-tip length in the axial 
direction is the default finished length, and translating the 
pole-tip set along the tube axis extends the finished area.  
Table 1 shows the experimental conditions. The magnetic 
abrasive (11.4 mg) was introduced with lubricant into the tube. 
The amount was calculated as 47 vol% of the total internal 
space corresponding to the pole tips, which is in an optimized 
range [3]. The tube was chucked 90 mm from one end. For 
external finishing, the amount of magnetic abrasive was 
varied between 2.85 and 22.8 mg. The magnetic abrasive was 
halved, and a mass was supplied to each pole-tip side.  
 
The speed of the motor was set at 10000 min-1. The pole 
tips were reciprocated in the axial direction with a 12.7 mm 
stroke at 0.59 mm/s. The finished area was 9.6 to 35 mm from 
the other end (see Fig. 4). The material removal was measured 
by an electronic force balance with 0.01 mg resolution. The 
surface roughness measurement was made with an optical 
profilometer with a lateral resolution of 275.7 nm and a 
vertical resolution of less than 0.1 nm. A 177 μm u 110 μm 
area every 5 mm starting at a point 35 mm from the end 
(X=0 mm) was considered for the external surface. The 
surface roughness measured at 45 mm from the end (X=-10 
mm) was considered to be representative of the unfinished 
external surface roughness. To measure the inner surface 
roughness, the tube was sectioned axially at X=0 mm and 
opened. As done for the external surface, the surface 
roughness was measured every 5 mm starting at X=0 mm. The 
roughness at a point 5 mm from the end (X=30 mm) was 
considered to be representative of the unfinished internal 
surface.  
3.2. Experimental results and discussion 
Figure 4 shows the changes in internal and external 
roughness Sa at X=10 mm with the amount of magnetic 
abrasive. The area at X=10 mm is nearly at the center of the 
finished area. Figure 5 shows the changes in material removal 
with the amount of magnetic abrasive supplied outside the 
tube. The 0 g magnetic abrasive condition shows the material 
removal obtained by the internal tube finishing only. 
As shown in Fig. 4(a), the internal surface was smoothly 
finished under all conditions, which shows that the magnetic 
particles outside the tube hardly influence the internal 
finishing performance.  In contrast, the external surface was 
not finished as smoothly as the internal surface, although the 
initial external surface roughness was about half of the initial 
internal surface roughness (Fig. 4(b).  
If the total mass is less than 8.56 mg, each mass does not 
even cover the lower half of the tube. This resulted in the 
small magnetic force acting normal to the external surface, 
leaving the initial surface unevenness in places. The lack of 
material removal might have limited the roughness 
improvement in the 2.85 and 5.78 mg conditions.  
In the conditions between 8.56 and 14.25 mg, the two 
masses magnetic abrasive do not touch, and the force of each 
mass acts downward, as shown in Fig. 2(b). Increasing the 
amount of magnetic abrasive increases the magnetic force and 
the number of abrasive cutting edges, participating efficiently 
in the surface finishing. 
When more than 17.1 mg of magnetic abrasive is supplied, 
the two masses touch at the top of the tube and form a single 
mass—a particle bridge. Some magnetic abrasive particles are 
dragged in the direction of the high-speed rotation. For 
example, the 22.8 mg case is shown in Fig. 6. Some magnetic 
abrasive translated toward the left pole tip, and the 
distribution over the tube is not uniform. As a result, some 
areas were finished, but the initial rough surface remained in 
other areas. This limited the external surface roughness 
improvement regardless of the large material removal 
generated by the large amount of magnetic abrasive. 
Table 1. Experimental conditions 
Finishing target Internal surface External surface 
Magnetic abrasive 11.4 mg 2.84, 5.78, 8.56, 11.4, 14.25, 
17.1, 19.95, 22.8 mg 
Iron particles (150-300 μm diameter): 80 wt%  
Aluminium oxide magnetic abrasive (80 μm 
mean diameter): 20 wt%  
Workpiece 18 gauge 316 stainless steel tube 
  1.27u1.14u100 mm 
Workpiece revolution 10000 min-1 
Magnet Nd-Fe-B magnet (12.7u12.7u12.7 mm) 
Pole tip  
Tape around pole tips   0.13 mm thick PTFE tape  
Pole-tip feed Feed length: 12.7  mm, Feed rate: 0.59 mm/s 
Finished length 25.4 mm 
Lubricant Soluble-type barrel finishing compound 
Finishing time 5 min 
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It was confirmed that MAF enables the simultaneous 
internal and external surface finishing of 18 gauge tubes with 
the N-S 90° configuration. However, under the given 
conditions in Table 1, the roughness of the external surface 
was about three times larger than the internal surface 
roughness. As mentioned earlier, both internal and external 
surfaces of the needle must be finely finished to minimize 
harmful tissue effects in biopsy operations.  
The proposed method allows the control of the internal and 
external finishing conditions separately as needed. The next 
chapter will discuss the feasibility of separate control of the 
internal and external finishing conditions to achieve the fine 
finishing of both surfaces simultaneously. 
4. Fine finishing of both internal and external surfaces 
As mentioned above, the following guidelines must be 
followed: (1) avoid having the magnetic particles under the 
tube, (2) place the tube in the region with high H·gradH in the 
N-S 90° configuration for internal finishing, and (3) generate 
magnetic force to push the tube downward for external 
finishing. In order to satisfy these guidelines, the use of 
magnetic particles and abrasive should be avoided and 
replaced by conventional nonmagnetic abrasive and a 
magnetic tool. If the magnetic tool is attracted by the pole tip 
with high magnetic force, the magnetic tool pushes away the 
tube from the region between the pole tips and prevents the 
finishing action. The magnetic tool should be sufficiently 
attracted by the pole tip to hold the tube between the pole tip 
and magnet. Moreover, the magnetic tool should be soft and 
elastic to conform to the tube irregularities during finishing. 
In consideration of these requirements, the use of 4-8 μm 
diameter diamond abrasive slurry and a rubber magnet 
(28u14u4 mm) was proposed in place of the magnetic 
abrasive for the external surface finishing.   
Figure 7 shows a schematic and photograph of the 
proposed method. The rubber magnet was covered by a 0.25 
mm thick layer of PTFE to protect the magnet surface from 
the frictional heat and abrasion during finishing. The 
attractive force between the rubber magnet and pole tip 
pushes the diamond abrasive downward against the tube to 
finish the external surface. When the tube is rotated at high 
speeds and the pole tips are translated in the axial direction, 
the rubber magnet moves together with the pole tips, 
exhibiting smooth relative motion against the rotating tube. 
Using this setup, finishing experiments were performed using 
the 18 gauge tubes for 5 min. The tube rotational speed and 
pole-tip feed were same as the conditions in Table 1. To 
increase the magnetic force, the diameter of the magnetic 
particles (11.4 mg) introduced inside the tube was changed 
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Figure 8 shows changes in surface roughness Sa with 
distance X. While Condition A uses magnetic abrasive (14.25 
mg), Condition B uses the rubber magnet with diamond 
abrasive for external surface finishing.  As mentioned above, 
the values at X=30 mm and at X=-10 mm are representative of 
the unfinished internal and external surface roughnesses, 
respectively. Both conditions finished the internal and 
external surfaces uniformly. The external surface finished 
with Condition B was almost equal to the inner surface. In 
Condition B, the diamond abrasive suspended by the rubber 
magnet facilitated the external surface finishing and lead to 
the fine finishing of both surfaces together. 
The material removal under Conditions A and B was 2.65 
mg and 2.76 mg, respectively. In the magnetic abrasive case 
(Condition A), the surface was finished by removing the 
material from both the peaks and valleys of the surface (as far 
as the cutting edges of the magnetic abrasive could reach into 
the valleys). In Condition B, the diamond abrasive also 
penetrated into the valleys of the surface as did the magnetic 
abrasive. However, the diamond abrasive gradually removed 
the material from only the peaks of the surface where the 
diamond abrasive was sandwiched between the rubber magnet 
and tube surface. Accordingly, the material removal from the 
external surface in Condition B should have been less than 
that in Condition A. The internal finishing in Condition B 
(using the larger magnetic particles) removed more material 
than Condition A. As a result, there is not much difference 
observed in the material removal under Conditions A and B.  
4. Conclusions 
This paper demonstrated the feasibility of MAF for the 
simultaneous internal and external surface finishing of 18 
gauge 316 stainless steel needles used for biopsy operations. 
The results of this study can be summarized as follows: 
1. The magnetic field and magnetic abrasive distribution must 
be determined to place the tube in a region with high 
H·gradH in the N-S 90° configuration, which is 
indispensable for the internal finishing, and to obtain 
sufficient relative motion between the magnetic abrasive 
and the target surfaces.  
2. It was clarified that the amount of magnetic particles is 
critical not only for internal finishing but also for external 
finishing. The optimum amount abrasive for external 
finishing should be less than the amount that allows the 
masses to join over the tube.  
3. Simultaneous finishing is possible using magnetic abrasive 
for internal finishing and magnetic abrasive or a rubber 
magnet with abrasive slurry for external finishing. In this 
study, internal and external surfaces were finely finished 
simultaneously from 0.4–0.5 μm Sa to around 0.01 μm Sa 
in 5 min. 
Fig. 8.  Changes in surface roughness Sa with distance X 
(a) Internal surface 
(b) External surface 
Condition A 
Inside: Magnetic abrasive 
Outside: Magnetic abrasive 
Condition B 
Inside: Magnetic abrasive 
Outside: Diamond abrasive + rubber magnet 
Condition A 
Inside: Magnetic abrasive 
Outside: Magnetic abrasive 
Condition B 
Inside: Magnetic abrasive 
Outside: Diamond abrasive + rubber magnet 
Fig. 7. Schematic and photograph of setup with rubber magnet tool 
(a) Schematic of processing principle with rubber magnet tool (b)  Photograph of set up with rubber magnet 
Rubber magnet (24u14u4 mm) covered by 
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